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PREFACE

This program represents the combined efforts of two organizations

and a number of individuals. Martin Marietta Aluminum provided the 4-

materials to the Materials Laboratory who, in turn, performed the testing

which is reported herein. Mr. Robert Giesendorfer, formerly of the

Matefrials Laboratory and presently at Battelle Northwest, was responsible

for designing the test program, supervising the testing, data reduction.

chemical analysis and metallography, and compiling much of the data.

Mr. Neal Ontko, of the Materials Laboratory, was responsible for much of F

the fatigue crack growth rate testing and data reduction. The author did

nothing more than take the data and present them in the format contained

herei n.

This work was performed under Project No. 2418, "Metallic Structural

Materials," Task No. 241807. "Systems Support for Metallic Materials

Appi ications.' V
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SECTION I

INTRODUCTION

Aluminum alloys comprise a major portion of the structural load

carrying members of modern aircraft. Knowledge of the mechanical

properties of these alloys is important for an accurate design that will

provide safe long-term operation and low maintenance costs of the

structures. in recent years the aluminum industry developed new alloys

and processes which possess improved mechanical properties. Some of these

alloys were derivations of older alloys with tighter controls on impurity

levels which translates to higher costs because of more stringent

processing standards. This prompted the question of what effect impurity

levels have on mechanical properties of both the older and newer alloys.

The two groups of aluminum alloys that comprise most of the aerospace

structural alloys are the 2000- and 7000-series. In both series new

alloys have beer, developed primarily by controlling the impurity levels.

e.g,, 2124 as a derivative of 2024 and 7175 as a derivative of 7075.

Within the 7000-series a large number of such alloys have been produced

by lowering the allowable Si and Fe content. Alloy 7149 was registered

by Kaiser as a "cleaned up" 7049 and 7175 and 7475 by Alcoa are variations

of 7075.

In order to assess the influence impurity elemerts Si and Fe nave on

mechanical properties, an agreement was entered into with Martin Marietta

Aluminum who produced extrusions of 7000-series aluminums with varying

impurity (purity) levels. Seven extrusions were produced and heat treated 14
to the T73511 condition. Three of the extrusions were 7049, each

possessing a different level of purity, one extrusion was a high purity

7050, and the three remaining extrusions were produced to meet the

requirements of 7075. Mechanical property data were developed on the

extrusions by both Martin Marietta and the Materials Laboratory (AFWAL/ .

MLSA). This report documents the results of the Materials Laboratory's

effort and includes, where applicable, some of the results from Martin

Marietta. A companion program which dealt with the same alloys but in

the -T76511 condition was carried out by Lockheed California (Reference 1).

S~Ii
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SECTION 11

MATERIAL DESIGNATION

Throughout this report various descriptions and codings are used to
define the seven 70XX-T73511 extrusions, A list of these is presented
below.

Alloy A ,FM, Martin Marietta Nomenclature
Letter Code Code

7049 0 7049A Hi Purity, high puritv
Lo Imptlr it , low impurit V

7049 F7049B Med Puritv, medium purlty1- Med Impurity. medium impuritv

7049 F 7049C Lu l'iurltv, low purity
Hi Impturi t, hlih ImpuriLty

7050 7050A Hi Purity, high purity
Lo Impuritv, low imt',ri-tv

7075 H 7075A Ili Purity, et(

(.ee above)

7075 T 7075B Med Purftv', etc.

i
7075 J7075C L~o Purity, ec.

ItA
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SECTION III

MATERIALS AND SPECIMENS

Prior to this program and in conjunction with several aircraft .

companies, Martin Marietta (MM) prepared seven ingots of the selected

alloys and extruded the ingots to 1.5 x 4.5 inch (3.8 x 11.4 cm) bars.

Processing information as supplied by MM is shown in Table 1. Each of

the extrusions was checked three times for its chemical composition with 1-2

the results reported in Tables 2 through 8. Also shown in each table is

the registered composition for the alloys. For comparison purposes the

registered composition (as reported by the Aluminum Association) of 7075,

7175, and 7475 are shown in Table 9.

Photomicrographs of each of the extrusions are presented in Figures 1,

A, B, and C correspond to the MM designation, i.e., "A" for high purity,

"B" for medium purity, and "C" for low purity (Section II).

A part of each of the seven extrusions was sent to the Materials -
Laboratory to be evaluated for tensile, fatigue, fracture, fatigue crack

growth, and corrosion properties. Tensile specimens for the longitudinal

and transverse directions had 1/4-inch (0.63 cm) diameter gage sections

and the short transverse tensile specimens had 1/8-inch (0.32 cm)

diameter gage sections. Fatigue specimens are shown in Figure 4 and

the fracture toughness, fatigue crack growth, and corrosion specimens

are shown in Figure 5.

I
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SECTION IV

RESULTS AND DISCUSSION

1. TENSILE

The individual and average tensile test results are presented in

Tables 10 through 16 for the seven extrusion samples. Table 17 presents

the average values from Tables 10 through 16 along with similar results

obtained from Martin Marietta (MM). The MM data was obtained from specimens

that were removed from the same extrusions that were tested by the

AFWAL/MLSA. The general trend within the data is for the ultimate and

yield strength to decrease slightly with increased impurity (decreased

purity). This is true for both the AFWAL/MLSA and MM data.

One set of tensile results that appear to be completely out of line

are those for the short-transverse medium purity level 7049 (Table 11).

The raw data and curves for these specimens were inspected and it was

determined that there were no errors in them. One of .he fractured -

specimens was used for a chemical analysis which revealed it was removed

from the proper plate of material . A conductivity test revealed it had

the proper heat treatment. Since there is no reason to discount the

validity of these particular results they can be considered correct.

2. FRACTURE TOUGHNESS

Test results from the compact plane strain fracture toughness (K IC)

specimens are shown in Tables 18 through 24 with the average values from

the te-ts in the longitudinal (L-T) direction being presented in Table 25

along with similar data from MM. Again a general trend can be observed

in the data with the higher purity materials exhiblting the highest

toughness. This is true for both directions that were tested. In all

cases the transverse (T-L) test results were lower than those for the

longitudinal (L-T) tests from the same extrusion.

The change in toughness when going from the high purity to low purity

is much greater than was observed for the change in tensile data when

4
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going the same way. The longitudinal toughness for 7049 dropped by about

one-third and the transverse dropped about the same. Similar toughness

reduction can be observed for the 7075 results. These results indicate

a strong dependency exists between impurity elements, in these cases

Si and Fe, and fracture toughness, K1C.

3. FATIGUE

Smooth and notched fatigue test results are presented in Figures 6

through 11. Inasmuch as there were a limited number of specimens from

each extrusion, it is not possible to make an exact comparison of the

effect of purity levels on fatigue life. The smooth 7049 fatigue results

show indications that in the high cycle region the high purity extrusion

might possess better fatigue characteristics than the other two purity

levels while ir, the low cycle region the effect of purity level is non-

existent (data points below l07 cycles with arrows pointing to the right

indicate the specimens failed in the grip threads). The smooth 7075 data

indicated that in the low cycle region there is no effect of purity level,

while in the high cycle region it is difficult to detect any trend.

The notched fatigue (Kt = 3.0) data are very consistent and if all

seven data sets were overlaid it would not be possible to differentiate I
between the sets. In the low cycle region all of the data are very

uniforr, irrespective of purity level or alloy and in the high cycle

region the stresý for a fatigue life at 10 cycles appears to be between

15 and 20 KSI (103 and 138 MPa). From the limited fatigue data it can

be concluded that there is no dramatic change in fatigue properties

caused by purity levels.

4. FATIGUE-CRACK-GROWTH

Fatigue-crack-growth-rate (FCGR) test results from specimens removed

from the longitudinal (L-T) direction are shown in Figures 12 through 18.

With the exception of high purity 7049 and high purity 7075 thtre were

three specimens tested for this orientation from each extrusion. Two

were tested in laboratory air and one in high humidity (R.H. 90%') air.

5
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For the six cases where high humidity and laboratory air data are available,

the trend is for the two sets of data to converge at the lower growth 1-
rate regions and diverge at the higher growth rate regions with the high

humidity data having the faster growth rate. I

In order to compare the FCCR of each data set a straight line was

fitted to the laboratory air data in the range of 2 x 106 to 2 x 10-
inch per cycle. The bost-fit lines are shown in Figure 19. It can be

observed that there is no systematic ranking of the materials from high

to low purity and none of the three alloys exhibit unique FCGR

characteristics.

Laboratory air FCGR data for the transverse (T-L) orientation are

presented in Figures 20 through 26. The same type of comparison that

was made for the other orientation is shown in Figure 27 for the trans-

verse data. Again no systematic ranking can be observed for impurity

level cr alloy. The two best-fit curves to the right on the figure are

high purity data sets but this is most likely not a trend but randomness
in the d. ta.

5. STRESS CORROSION CRACKING

Stress corrosion cracking test results for the seven extrusions are

presented in Table 26. It can be observed that most of the specimens

were loaded to stress intensity values that were very close to or above

the plane strain fracture toughness, K IC Some of the specimens that

were loaded slightly above the average KIC lasted several hundred hours

in the salt water environment. The data indicate there should not be a

corrosion problem with these alloys in the L-T and T-L orientations in

the T73511 condition.

6
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SECTION V

CONCLUSIONS

For the extrusions tested in this program the following trends in

the data were observed:

A slight decrease in strength was observed when going from high
purity to low purity.

A marked decrease in toughness was observed when going from high to
low purity.

Notched fatigue data indicate all of the extrusions possess similar
properti es.

No well defined trends could be observed in the smooth fatigue data.

Fatigue crack growth rate data did not show purity level to have a
systematic effect on properties.

High humidity air caused an increase in the FCGR for all of the
extrusions.

Stress corrosion does not appear to be a problem for the alloy. -,-,d
heat treatment tested.

7*
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TABLE 18

FRACTURE TOUGHNESS TEST RESULTS FOR 7049-T73511 (HIGH PURITY)

ORIENTATION p maxP QKle

QI

KSI fin. ?Ta I.-

L0£CI TUDINAL- 1.00 34.0 I 37.4

(L-A) 1.00 33,8 37.1
AVG. _ __.. ... .. |"1.00 33.9 |37.2•

TRANSVERSE 1.0o 26.0 78,6
(T-L) 1 .00 2 5.• Q 28.5

AVo 1.00 26.0 2S.6

5.,

TABLE 19

: FRACTU)RE TMUGHNIESS TEST RESULTS FOR 7049-T73511 (MED. PURITY',

ORIENTATION p Pma/

SLONCITUDI ,NAl, 1 .0O0 30 .3 33.•3

AV..00 29.7 32.6

•.- •JI 1.00 2-'.4- -1 oz.(-

AVG "1. 22.1 24.3



t . . -Z!• = _____-_ __.. .. .... .

A FWAL-TR-B0-4079

TABLE 20 1

FRACTURE TOUGHNESS TEST RESULTS FOR 70Aq-T73511 (LOW PURITY' T

ORIENTATION p ma /{

__ _,, __o,_KSI k in. !Ua -Ir

LONGITUDINAL 1.00 24.0 26.4 1
(L-T) 1.O0 23.6 I25.9

AVG.~
1.00 23.8 I 26.2

TRANSVERSE 1.0'3 18.2 20.0
(T-L) 1.00 18.0 I Q.8

AVG. 1 1.0 Ib.
Ib. io.9

£7l

11
ii!

TABLE 21

FRACTURE TOUGHNESS TEST RESULTS F-p` 750fl-T73511 (HIGH PURITY,';

ORIENTATION P max/P K Ic

LONGITUDINAL 1.0o 38.4 I 42.2
(L-T) A 1.00 33.9 37.2

AVG. 1.00 36.2 39

(T-L) 1.00 23.4 1 26.3

1.00 24.1 26.5

274



AFWAL-TR-.O-4079

TABLE 22

FRACTURE TOUGHNESS TFST RESULTS FOR 7075-T73511 (HIGH PURITY) .•

ORIENTATION Pa/P I
uax 4 I

-KS1 fin. a4'-

LONGITUDINAL 1.00 44.2 .8.6
(L-T) 1.00 41.8 45.9

AVG.
1.00 43.0 47.2

TRANSVERSE 1.0, 31,. . 33C.
(T-L) 1.00 2.9 -99

AVG. I 1.00 30.0 i 33.0

TABLE 23

FRACTURE TGOUGHNESS TEST RESULTS FOR 7075-T73511 (MED. PURITY;

ORIENTATION P /P K

max I c

KSI •4 in. MPa.

LONCITUDINAL 1.00 30.4 33.4
(L-T) 1.05 30.7 33.7

AVG. 1.03 30.6 33.b

TRANSVERSE 1.00 21.7 23.8
(T-L) 1.00 22.1 24.3

AVG.G7---

1.00 21.9 24.1

2P
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TABLE 26

STRESS CORROSION TEST RESULTS FOR 7XXX-T73511 ALUMINUM EXTRUSIONS
CONSTANT LOAD, CONSTANT IMMERSION

3.5 perCent NaCl Solution

MATERIAL W ORIENTATION K Ki TIME COMMENTS
INITAY *

S7049 LONGITUDINAL 25 27 .74 166 NO FAILURE
((H1611 PURITY) 11-T 30 33 .88 652 NO FAILURE

TRANSVERSE 27.1 29.8 1 .04 0 FAIL-:) 1oN I,OADING
T-I 26 .5 29.1 1.02 0 FAILED ION LOAIANI;

7049 LONGITUDINAL.
(NED. PUIRIT) I.-T 30.1 33.1 1.01 840 NO FAILURE

"[XANsVES ,,22.5 24.7 1.01 1
T-1. 24.7 27.1 1.12 0 FA1I.ED) O; I.oArIN(;

7049 LONGITUDINAI.
(lOW PUHITY) I,-T 25.9 28.5 s.O1 533 NO !-AI I. RK

TARINSVE-SE 1H.3 20.1 I .o 131
T-I. 18,2 20.0 1 ,00 262

7U(Lu WN LITUDI;NA. 25 27 .(,) A52 NO FA1 IIRE 3
(1100 PURITY) .-T f 35.1 39.6 .97 982 NO FVAI IiKtI

TkANSVERSr I 28,4 31.2 .18 U I:A 1L.I) ON 1)'AIIN'(.
T-1, 23.8 26.2 .99 395

7075 1.NuITIDINAI,
(HIIGH1 PURITY I.-T 25 27 .58 551 NO I.A!It'E

'RANSVERSK 34.5 37.9 1.15 i VAIIII) ON IOAIIIN£;
30.4 31.4 1.01 I0 101 NO IAI IRV 1

7075~ T)N UV'I I NA 1,
(MD,. P1URITY I I-T 33.1 36.4 1 os 8Io No I'AII.UKL

T rANSV SV S!; S 24. )1 27.4 1 . I 1 lAII ED ON .0AI)N(.
""-I 2",0O 24.2 I 0.U 148) NH O I'A!!-HHLR

7075 1,ONG, VI "TIU1NAL

(LOW PURITY) 1 ,-T 25 27 ,'if 521 Noi lA lllil

""71 S 23.1 .97 N.il I-A ll.!:RE
ST-I, 22 24.2 1.01 1171 No IAII.Ihl

* V/ttul), i' ~mb),rx alrt cSLlm~atL.

! , 1'
V-

S.. . . . .. . ... .. .. .. . . . .. .. .. . .. . . . ) ' |: i r i Ir c
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D -DIAM.2 HOLE SX

ROOT RADIUS .....
0.005 +

(0.127)

S~H

4 W ElD - 8t
-- W

DIMENSIONS: INCHES(mm)

SPECIMEN
T PEN A B W W, H D1

FRACTURE 1.50 1.25 2.5 3.125 1.5 0.625
TOUG(NESS (38.1) (31.7) (63.5) (79.37) (38.1) (15.9)

CRACK 1.785 0.625 2.55 3.188 1.240 0.50
GROWTH* (45.3) (15.9) (64.8) (". (31.5) 1

CORROSION 1.50 0.625 2.500 3,125 1.5 0.625
! _.. (38.1) (15.9) (63.5) (79.37) (38.1) (15.9)

Figure 5. Fracture Toughness, Fatigue Crack Growth, and Stress
Corrosion Specimens
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Figure12 FCGR Data for High Purity 7049, P = OilFreq. = 30Hz,
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Figure 13. FCCR Data for !'ediurn Purity 7049; Qi = 0.1, Freq. =30Hz,

L-T Orientation
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Figure 14. FCGR Data for Low Purity 7049; R=O.l Freq.= 30Hz,
L-T Orientation.
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Figure 16. FCGR Data for Higoh Purity 7075; R =0.1, Freq. -- 30Hz,
S~L-T Orientation
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Figure 17. FCGR Data for Medium Purity 7075; R = 0.1, Freq. 30HZ,
L-T Orientation
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Figure 27. Comparison of Best-7it Lines for T-L Orientation Specimens
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